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previously known to be linked to ethnic
group, which predicted reported ethnicity
in this study with an accuracy of 98.1%. A
score representing the proportion of Eu-
ropean descent based on these markers
was calculated for each participant and
included in the logistic regression and
survival analysis models. This method
would not detect residual population
structure, which will undoubtedly exist in
these cohorts; however, it is a useful
approach for this particular study.
Interest in genetic association studies
has recently come to focus recently on
examining a large number of polymor-
phisms across the whole human genome.
One such study recently identified an RNA
polymerase, and other markers linked to
HIV-1 disease progression (Fellay et al.,
2007). It is interesting that apart from the
major histocompatibility complex (MHC),
this study did not identify previously
well-replicated associations with HIV-1
infection. While this may be simply be-
cause of the relatively low density of
markers used, it underlines the neces-
sity for well-constructed, mechanistically
driven investigations of the effects of
functionally important candidate genes
of the kind presented in this study. Candi-
date gene studies have contributed con-
siderably thus far to understanding the
molecular pathogenesis of HIV-1 infection
and should be seen as complementary to
the genome-wide approach.
The rapid spread of HIV-1 throughout
much of sub-Saharan Africa cannot be
entirely explained by social and economic
factors. The CCR5D32 resistance poly-
morphism is not found in Africans, but its
relative rarity even in Caucasians of
Northern European ancestry makes it un-
likely that the absence of this protective
genotype is sufficient to explain the dev-
astating levels of HIV-1 infection in African
populations. He and colleagues estimate
that the population attributable fraction
(PAF) of the DARC 46C/C genotype is
close to 11% in the African setting.
Thus, the almost universal presence of
the HIV-susceptible DARC genotype in
Africansmay be an important contribution
to understanding the massive extent of
the HIV-1 epidemic in Africa.
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Paradoxically, plant pathogens possess avirulence genes that render them avirulent in resistant hosts. InCell
Host & Microbe, Shan et al. (2008) show that the original role of the Pseudomonas syringae avirulence genes
AvrPto and AvrPtoB is to target BAK1, a protein kinase important in hormone and innate immunity signaling.For a generation of teachers and students,
it has been a nightmare to teach the clas-
sic gene-for-gene theory, which explains
plant immunity against specific patho-
gens. According to this theory, plants
possess dominant resistance (R) genes,
whichmatch specific dominant avirulence
(Avr) genes of pathogens. It is easy toexplain why plants, through evolution, ac-
quire R genes: the R gene product—easily
conceptualized as a receptor protein—
allows the plant to specifically perceive
the product of the pathogen’s Avr gene,
and then to initiate a defense response,
most often in the form of a hypersensitive
response leading to programmed cellCell Host & Mideath. However, it is counterintuitive to
understand why pathogens express Avr
genes, and why they become pathogens
only by getting rid of their Avr genes on
host plants expressing the corresponding
R genes. Obviously, the Avr gene must
have a role contributing to the fitness of
the pathogen in the absence of thecrobe 4, July 17, 2008 ª2008 Elsevier Inc. 5
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Previewscorresponding R gene, but for many
decades, the search for such a fitness-
providing original function of Avr gene
products remained elusive.
In the 1980s and 1990s, most of the
bacterial Avr gene products were found
to be injected into the cytoplasm of plant
hosts through type three secretion sys-
tems (TTSS), and it became evident that
theymust be effectors, somehowpromot-
ing virulence as long as the corresponding
R gene was lacking. The bacterial Avr
gene products were therefore renamed
effectors (Abramovitch et al., 2006; Jones
and Dangl, 2006), to the relief of teachers
and students, and it was suggested that
their original role was to somehow
weaken the plant’s immune system. This
led to the concept that plants have
a two-tiered immune system (Jones and
Dangl, 2006): in a first phase of coevolu-
tion, plants acquire the capacity to rec-
ognize pathogen-associated molecular
patterns (PAMPs), such as bacterial fla-
gellin or elongation factor Tu (EF-Tu), by
pattern recognition receptors (PRR) such
as FLS2 or EFR. Based on this recogni-
tion, they elicit a basal defense, called
PAMP-triggered immunity (PTI). This is
similar to the innate immunity defense
strategy in flies and mammals (Asai
et al., 2002).Well-adapted pathogens, ac-
cording to this concept, disrupt this first
layer of defense by a multiplicity of effec-
tors injected into the host by their TTSS.
In a second phase of coevolution, these
effectors are then recognized, directly
or indirectly, by the R gene products,
leading to the classic gene-for-gene re-
sistance, newly baptized as effector-
triggered immunity (ETI).
Jen Sheen’s group provided a corner-
stone for this concept by showing that
two classic Avr gene products, AvrPto
and AvrPtoB, were directed against early
steps in PAMP signaling, apparently up-
stream of the MAP kinase cascade known
to be important for signaling (He et al.,
2006). From previous work, it had been
well established that these twoeffectors in-
teracted with the product of the resistance
gene Pto, which happened to be a protein
kinase (Kim et al., 2002). Would the original
targets of the effectors be protein kinases
as well, perhaps even the PRRs them-
selves? This seemed to be an obvious hy-
pothesis, since the two well-described
PRRs of Arabidopsis, FLS2 and EFR, are
protein kinases (see He et al., 2006).6 Cell Host & Microbe 4, July 17, 2008 ª200Indeed, this hypothesis appeared to be
corroborated in a recent study that made
it clear that AvrPto, upon transient ex-
pression in Arabidopsis protoplasts, can
associate with FLS2, and that AvrPto in-
hibits the protein kinase activity of FLS2
and EFR in vitro (Xiang et al., 2008).
However, flagellin signaling through
FLS2 depends on a rapid association
with a second receptor-like protein ki-
nase, BAK1 (brassinosteroid-receptor 1
associated kinase 1), and BAK1 might
play a similar role to transmit signals of
other PAMPs such as EF-Tu and cold-
shock proteins (Chinchilla et al., 2007;
Heese et al., 2007). Thus, it would seem
equally plausible that AvrPto and AvrPtoB
target the shared coreceptor BAK1 rather
than the PRRs themselves.
In this issue of Cell & Host Microbe,
Shan et al. clearly demonstrate that this
is indeed the case. They show first that
Arabidopsis plants expressing AvrPto un-
der constitutive or inducible promoters
display a phenotype resembling bak1 or
weak bri1 (brassinosteroid insensitive 1)
mutants. AvrPto surprisingly appears to
interfere with plant growth and develop-
ment. Following up this lead, they show
that upon simultaneous expression of
appropriately tagged AvrPto or AvrPtoB
and BAK1 in Arabidopsis protoplasts,
the BAK1-AvrPto or BAK1-AvrPtoB com-
plexes can be pulled down by immuno-
precipitation. Remarkably, both AvrPto
and AvrPtoB prevent the flagellin-induced
FLS2-BAK1 interaction in the same assay
system, indicating that the association of
BAK1with the effectors breaks the signal-
ing complex of FLS2 and BAK1. AvrPto
mutants unable to affect PAMP signaling
do not associate with BAK1 and do not
disrupt the FLS2-BAK1 complex. It is par-
ticularly nice to see that the inhibitory
effect of AvrPto and AvrPtoB on BAK1
function can also be observed in vivo.
In plants infected with Pseudomonas sy-
ringae DC3000 (carrying both avrPto and
avrPtoB), formation of the FLS2-BAK1
complex (likely stimulated by flagellin
derived from the invading bacterium) is
strongly reduced 2 hr after infection, com-
pared to plants infected by mutant bacte-
ria lacking avrPto and avrPtoB, or by hrcC
mutant bacteria lacking the entire TTSS.
FLS2 and AvrPtowere reported to inter-
act in a preceding study (Xiang et al.,
2008). The current study indicates that
this interaction occurs only at relatively8 Elsevier Inc.high concentrations of the partners: an
experiment with limited expression of
tagged FLS2, BAK1, and AvrPto in proto-
plasts indicates that under such condi-
tions, only BAK1, but not FLS2, interacts
with AvrPto (Shan et al., 2008). Thus, the
present work makes it apparent that
both AvrPto and AvrPtoB primarily target
BAK1 (Shan et al., 2008), rather than the
PRRs themselves, as indicated in the ear-
lier study (Xiang et al., 2008). However,
some open questions remain.
First, Pto, the tomato resistance gene
that recognizes AvrPto and AvrPtoB, has
been speculated to act as a decoy to
catch the effectors during their search
for the real targets (Kim et al., 2002; Xing
et al., 2007). On the basis of this hypothe-
sis, one would propose that the Pto-
AvrPto complex, the crystal structure of
which has been solved recently (Xing
et al., 2007), would closely mimic the
BAK1-AvrPto interaction. However, Shan
et al. (2008) provide clear evidence that
this is not the case. In this context, it is in-
teresting to consider the evolutionary role
and function of the E3 ubiquitin ligase do-
main in AvrPtoB. Currently, it is thought
that Fen and Pto evolved in tomato as R
genes by mimicking the targets of bac-
terial AvrPto and AvrPtoB (Rosebrock
et al., 2007). According to this hypothesis,
AvrPtoB acquired its E3 ubiquitin ligase
domain to inactivate the plant’s Fen
gene product. Subsequently, the plant
may have evolved Pto, a Fen-like kinase
gene whose product appears to be insen-
sitive to the E3 ligase activity of AvrPtoB
(Rosebrock et al., 2007). There is an alter-
native hypothesis, however: The E3 ligase
activity of AvrPtoB might have evolved as
a means to better inactivate its original
targets, namely BAK1 and related kinases
involved in PTI.
Second, previous studies have shown
that BAK1 is important for only part of
PAMP signaling. For example, signaling
through the classic PAMP, chitin, occurs
normally in plants silenced for BAK1
(Heese et al., 2007). This is corroborated
in Shan et al., but the results intriguingly
show that AvrPto and AvrPtoB can also
block chitin signaling. This can be ex-
plained in two ways. First, the effectors
might target additional members of the
SERK receptor kinase family to which
BAK1 belongs, one of which might be
involved in chitin signaling. Indeed,
AvrPto appears to interact not only with
Cell Host & Microbe
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SERK family (Shan et al., 2008). Second,
the principal target of the two effectors
might be a hypothetical integrating kinase
downstream of FLS2-BAK1 and similar
signaling complexes, which might collect
information of various PRRs as a relay
station to transmit them to downstream
signaling steps such as activation of ion
channels, oxidative burst, MAP kinase
cascades, and ultimately, defense gene
expression.
In conclusion, the study of Shan et al.
highlights the new notion that the genes
encoding AvrPto and AvrPtoB have
evolved as effectors to prevent PTI signal-
ing at a key step, by binding to BAK1 (and
related proteins) and thereby preventing
effective signaling by PRRs, and not asavirulence genes to expose the pathogen
to ETI. It also indicates that the signaling
cascade downstream of PRRs, including
BAK1 and perhaps additional proteins im-
portant in PAMP signaling, are preferred
targets for bacterial effectors.
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